Abstract. In this research work Aluminium alloy with Cu (4.5%) as the major alloying element is used as the matrix in which SiC and Rice Husk Ash (RHA) are dispersed to develop a hybrid composite. The dispersion is done by the motorized stir casting arrangement. The composite is fabricated by varying the proportions of the reinforcements in the base alloy. The composite specimens were tested for density changes, hardness and the wear. The microstructure images showed a uniform dispersion of the reinforcements in the matrix and this resulted in higher strength to weight ratio. The increase in strength of the composite is probably attributed to the increase in the dislocation density. Also, the abrasive wear resistance of the produced composite is found to be superior as compared to the matrix alloy because of the hard-ceramic particles in the reinforcements.
Introduction
The research findings are required to meet the demands of industry maintaining the necessary property of materials and efficiency and cost saving in production. In meeting this requirement, a certain trend has been followed, the materials currently been utilized is tried for enhancement through known approaches of alloy blending, heat treatment, grain refinements, and the like. After the saturation, because of economic restrictions, difficulty in mass producing, or further enhancement is not possible so other line of approach emerged in further improving the properties or reducing cost and improving efficiency [1] . Among MMCs, Al-alloy-based composites were always extensively considered for research. Parallel areas of research had then emerged but after about two decades of research in various disciplines to further enhance the properties to satisfy the everincreasing demand of the engineering sector, composites took a lead compared to the other processes when the cost and ease of fabrication were compared [2] . The other methods changed track and chose for themselves different areas of application and Al-based metal matrix composites remained as the most potential candidate to be researched on for making engineering components viable.
Worldwide research in Aluminum MMCs (AMMCs) established beyond doubt the advantages of Al-based metal matrix composites over the base alloy in the laboratory scale.
With time, the demands moved ahead and engineering components were demanded from AMMCs [3] . It can be easily concluded from the different results published from across the globe for two decades in AMMCs that the end use needs to be kept in mind before adopting a material and a process of fabrication. This is because the cost factors, ease of fabrication, shape, size, distribution, wettability between matrix alloy and second phase all must be considered for making a final choice depending on the component selected, mainly its working conditions for the engineering component to be fabricated.
In the past decade as research continued in this area yet the outcomes got were a just confirmation of the earlier obtained results, and a plateau in the possible enhancements has been reached [4] . Also attempts are being made to make engineering components from the AMMCs but still there is no mass utility of these composites. Some areas where research is still needed before these versatile materials see the light of the day as engineering components include machining, joining, repeatability of properties on mass production, and effect of secondary processing [5] . The difficulty in meeting the industry's demand can be easily seen from the lesser number of research publications in the last few years and old researchers were finding it difficult to answer questions related to the engineering potential of these composites. The material with better property needs to be converted to a component with better properties than presently available and here lies the challenge, like (i) cast AMMCs will seldom find use as engineering components, (ii) advantages accrued in cast composites do not always hold good when processed, (iii) only selected alloying elements can withstand the rigors and give meaningful results [6] .
To date, the literature at least does not show a very promising picture regarding availability of engineering components been used which are made from AMMCs. However, a few components that have seen the light of the day from AMMCs include Swash plate, tennis racket, transfer bench, foot rest, and a few automobile components like brake drum, casings, head light combos, mining equipment, and a few components for structural applications, with an intention to replace either cast iron products or Al-alloy products presently used especially aimed at weight reduction, strength, stiffness, and energy efficiency [7] . The aerospace industries, automobile and railway sectors are keenly observing the composite research development.
The enormous amount of research and development that has gone into Al-based MMCs of every possible alloy with different reinforcements establishing beyond doubt the usefulness of making composites but a choice has to be made with both the base alloy selection and reinforcement size and volume percentage for making engineering components. Another point is that all engineering components will undergo some wear and damage related degradation with use even in an otherwise non-wear environment. The AlCu and Al-Zn-based alloys are commonly used for making engineering components used in environments like those mentioned above.
Earlier work on Al-Cu-based composites show that these materials have been broadly investigated both in terms of knowing the mechanism of formation and properties assessment of composites, the main reinforcements being SiC and Al2O3. Researches with variable quantity of dispersions have been done. The Al-Cu-based MMCs have been evaluated for their tensile strength, hardness and abrasive wear properties and in most cases, have reported improvement in the hardness and strength of composites over the control alloy [8] . But, the amount of enhancement relies on the test conditions and microstructure of the MMCs. MMCs with suitable reinforcements like SiC have been able to bring a reduction in the density of the composite as compared to the base alloy. A decrease in density and an increase in strength is a major factor in increasing the strength to weight ratio of the composites. Thus, MMCs have a large scope in the aerospace and automobile industries and it can very well be the most important material of these industries in the future [2] .
In the present investigation, SiC and RHA are dispersed in Al alloy having 4.5% Cu to produce the hybrid composite. Two types of composites were produced with one composite having 2% SiC and 1% RHA and the other with 4% SiC and 1% RHA. The composites were then successively tested for the mechanical properties.
Experimental Details

Materials Used
Rice Husk Ash(RHA)
The Rice Husk Ash particles used were between 50-60 microns and are the reinforcements to disperse in the matrix alloy. The rice husk was burnt completely in the presence of air and the ash was collected 24 hours later. The ash was then conditioned by heating the ash at a temperature of 300°C for 90 minutes to reduce the carbonaceous and volatile constituents of the ash. The chemical components of the RHA used is presented in the Table 1 . 
Silicon Carbide(SiC)
The SiC used in the present work is basically a hard-refractory material with particle size less than 20 microns. SiC has excellent thermal conductivity, low thermal expansion and it displays a good thermal shock resistance.
Aluminium Alloy
It is used as a matrix to hold the reinforcements. The aluminium alloy for the present investigation mainly consists of copper (4.5 % wt.) along with other elements as shown in the Table 2 . 
Production of Composite
The ingots of Al alloy were broken into pieces and 3 kg of it was weighed and loaded into the electrical resistance furnace of 6 kW capacity. The alloy that was charged into the graphite crucible is heated to 850 0 C till the entire charge in the crucible was melted. The furnace is brick insulated. The reinforcement particles (RHA and SiC) were preheated by placing them on top of the cover of the furnace for one hour, before introducing them into the melt, so as to remove moisture. The moulds used for casting were made of cast iron. They are preheated to 500 0 C to obtain uniform solidification. The pre-heating was done using a kerosene fuel pump burner. After the molten metal was fully melted, degassing tablet (Hexachloro methane) was added to remove the slag, flux and gas in the molten metal. Scum Powder is also added along with the degassing tablet into the molten metal to remove the slag and flux.
A stirrer made up of HSS coated with ceramic powder was lowered into the melt slowly to stir the molten metal at a speed of 700 rpm. The speed of the stirrer was controlled by means of a regulator. The average grain size of SiC particles was 63 microns whereas RHA had a grain size of 210 microns. The preheated SiC/RHA particles were added into the molten metal at a constant rate during the stirring. Stirring was continued for 5-10 minutes even after the completion of particle feeding. The melt of Al/SiC and RHA is then maintained at 850 0 C for 10 minutes without stirring and then poured into the moulds allowing for solidification successively. The details of specimen prepared are shown in Table 3 . 
Testing of Composite
Density Test
The density variation of the composite with the increase in SiC content for the fixed RHA quantity are shown in the Table 4 and Figure 1 . The density is calculated by the direct measurement of the mass and the volume of specimens. 
Hardness Test
Hardness test was carried out using a Brinell Hardness Tester with an applied load of 500 kgf. A ball indenter was used to make the indentation on the surface of the Specimen. The diameter of the indentation was then measured and the Brinell Hardness Number(BHN) was calculated from the formula:
(1) where, P= load applied=500 kgf D=diameter of the indenter ball=10 mm d=diameter of the indentation made on the specimen.
The results are tabulated in Table 5 . And the comparison of hardness of specimens is shown in Figure 2 . 
Wear Test
To know the wear behaviour of unreinforced alloy and the composite specimens in dry conditions, testing was carried out on a pin-on-disc type wear and friction monitor [DUCOM, India make; Model: TR-201CL] attached with data capturing system ( Figure 3 ) The wear tests were conducted as per ASTM G-99 standards.
Fig. 3. Pin-On-Disc machine used for wear test
The test specimen used was a cylindrical pin (8 mm diameter and 30 mm length) which was held with its axis perpendicular to the surface of the disc, and one end of pin slid against the disc in a dry friction condition, under an axial load applied with a dead weight.
The test duration on each specimen was 10 min. A constant rpm was maintained throughout the experiment. Mass loss was noted at the end of ten minutes and the weight was increased for the next trial. Also, the frictional force acting on the surface of contact was noted at regular intervals. This value was used to calculate the average coefficient of friction of that specimen at that weight.
Coefficient of friction (µ) = Avg. Frictional Force in N/ Load applied in N
The tabulated values as shown in the Table 6 . This table show the wear test results for specimens. The comparison graph for the specimen is shown in Figure 4 . The Variation of coefficient of friction, µ with Load applied at fixed rpm has been depicted in Figure 5 . Figure 6 and 7 shows the optical micrographs of Al alloy and composite specimen #2, respectively. A uniform distribution of reinforcement particulates throughout the matrix alloy can be observed from these images with a very minimal porosity level. Also, there is good bonding between the matrix and the reinforcement particulates which aids for a better load transfer from the matrix to dispersed particulates. There was no agglomeration of reinforcements since sufficient care was taken to prevent agglomeration by preheating the reinforcement particulates. The micrograph shown in Figure 6 is for the pure aluminum alloy. The black spots represent CuAl2 phase formed from the alloy of aluminum and copper in the matrix. They are mostly positioned along the grain boundary. Coarse grains suggest that the casting has been cooled slowly and at room temperature. The micrograph shown in Figure 7 is for specimen #2. The SiC is black spots with a prismatic shape and sharp corners along the grain boundary. Mainly the slow cooling might have resulted in uniaxial grains.
Fig. 7.
Microstructure of Specimen #1(500X)
Density
As depicted in Figure 1 the density of composite decreases as the quantity of SiC is increased for the fixed amount of RHA. This trend is attributed to the increase in the level of porosity for higher amount of dispersions. The entrapment of gas while stirring, release of hydrogen, the shrinkage during solidification and existence of air pockets in the molten alloy would also decrease the density of composite [9] . Certain amount of porous structure is unavoidable during the fabrication composites. The similar nature of variation in density is noticed by some researchers in their work [10] [11] [12] [13] [14] [15] [16] . There will be always a tendency to increase density of composites due to ceramic reinforcing particles (SiC), but however there will be reduction in density because of dispersion of light weight reinforcements (RHA) in the hybrid composites.
Hardness
Hardness of the composite tends to increase with the addition of SiC over the alloy hardness. It may be because of hard SiC particles present in the matrix alloy. SiC particles along with CuAl2 precipitates along the grain boundary will create more resistance for dislocation motion, and thus increasing the opposing ability to plastic deformation leading to higher hardness.
Wear
Higher amount of SiC in composite reduces the mass loss as compared to alloy without reinforcement. This is probably due to the hard nature of SiC particles that are exposed on to the rubbing contact surface preventing the amount of mass loss. Also, the coefficient of friction µ remains mostly constant and is maximum for the specimen with the highest percentage of reinforcements.
Conclusions
The conventional stir casting technique is successfully employed to produce the hybrid composite with uniform distribution of reinforcements. The density of the produced composite reduces as the quantity of reinforcement is increased. But the hardness increases with increase in SiC content. These particles along with CuAl2 phase has contributed in opposing the dislocation motion. The SiC has significantly reduced the mass loss of composites as compared to the bare alloy which is because of hard ceramic nature of SiC and due to the exposure of these at the rubbing surface. Since the developed composites have shown better mechanical properties as compared to Al alloy without reinforcements the on-hand composite is suggested for use in the wear resistant applications.
